Background: Nosocomial fungal infections could arise from independent exposure to airborne spores of filamentous fungi existing in the hospital environment. Objectives: The present study aimed to determine the mycoflora of indoor and outdoor environments of five major hospitals in Khorramabad, Iran. Materials and Methods: Sampling of air was done from indoor and outdoor environments of wards, surroundings and green space of hospitals by settle plate method. To obtain the sample from surfaces, pre-moistened swabs with cotton-tipped sticks were applied on different surfaces (floor, the walls, windows, beds, trolleys, laryngoscope and angiography devices). Culture plates of air and surfaces on Potato Dextrose Agar (PDA) and Malt Extract Agar (MEA) were incubated in the dark at 28 ºC and examined daily for fungal colonies for two to three weeks. Fungal isolates were identified by a combination of their macroscopic and microscopic criteria after purification on isolation culture media. Results: A total of 707 fungal colonies including, Penicillium (29.14%), Cladosporium (24.04%), Aspergillus (20.65%), Fusarium (9.05%), Alternaria (3.96%), Rhodotorula (1.69%), Cryptococcus neoformans (0.7%) and other fungi (10.77%) were isolated. All the examined high-risk parts of the hospitals were found to be contaminated by various fungi. Conclusions: Aspergillus was the most prominent genus in Intensive Care Unit (ICU) and surgery, Cladosporium in Critical Care Unit (CCU), emergency and thalassemia, and Penicillium in orthopedic, emergency and neonatal sections. Among pathogenic yeasts, C. neoformans was isolated from ICU, surgery and orthopedic sections. The dimorphic fungal pathogen, Sporothrix schenckii, was reported from CCU. The isolated fungi specially the genera Aspergillus and Penicillium are potential threats for immunocompromised patients in the hospitals.
Background
The history of indoor mold growth as a problem dates back to at least 5000 years ago when noticed in Biblical texts (1) . Over 225 species of fungi have been reported from indoor environments which represent a few of the estimated 1.5 million species of fungi believed to exist (2) . There is great concern about the potential health hazards of allergenic or toxigenic fungi (mycotoxins and/or secondary metabolites and volatile organic compounds) and their association with indoor air quality (3, 4) . With the continual increase in the incidence of predisposing factors such as hematological malignancies, bone marrow and solid organ transplantation, chronic granolomatous disease and immunodeficiency syndromes, hospitals are facing the growing problem of invasive aspergillosis and other life threatening nosocomial fungal infections.
Since treatment of invasive fungal infections is difficult and the outcome is often fatal, preventing measures and thus, full understanding of the epidemiology of such devastating diseases are of major importance in the control programs (5) . Nosocomial fungal infections could arise from inhalation of propagules (spores and hyphal fragments) of filamentous fungi which exist in hospital environment (6) (7) (8) . These infections are predominantly caused by hyphomycetes such as Aspergillus species and rarely, by other fungi such as zygomycetes and dematiaceous moulds (9, 10) . It has been shown that the primary ecological niche of important pathogenic fungi is soil and decaying materials; however, air plays a crucial role in spreading these fungi in the environment.
Indoor environments are potential sources of fungal spores, mycelia and harmful organic compounds such as mycotoxins which can be harmful to human health (11, 12) . Fungal spores gradually settle out and the process of settling out and becoming airborne may be repeated for long periods of time, because the fungal spores can survive for months in suitable conditions. Low humidity, physical activity and the wind speed inside the buildings are effective in the release and distribution of spores (1) . Potential sources of fungal spores in hospital air are inadequate filtration of outside air, accumulation of spores in dusts in air ducts, vacuum cleaning, carpeting, food spices, and soil of potted ornamental plants, flowers and fresh fruits (5, 13) . Soil of ornamental and potted plants in hospitals as the reservoirs of pathogen fungi, beetles and ants (as fungi carriers), can play a role and cause the spread of hospital infections. Other sources of hospital acquired fungal infections are contaminated water and surfaces (9) .
Beside the problems arising from direct inhalation of fungal spores, the spores of Aspergillus and Penicillium species can carry out different levels of mycotoxins which can be detected in air samples at high spore concentrations (1). The indoor moulds are usually originated from outdoor sources and their presence in large numbers or altered dominance indicates a source of colonization inside the hospitals (14) . Recognition of fungal microflora from hospitals can help us to reduce problems associated with allergic respiratory diseases, fungal infections and systemic mycoses. Several studies from various parts of Iran such as Sari and Shiraz demonstrated that a wide array of microfungi could be present in air and water supplies as indoor hospital environments (15) (16) (17) . However, a comprehensive study on indoor, outdoor and surface mycoflora of hospitals with special attention to their distribution in different sections has not been performed.
Objectives
The present study aimed to investigate the variety and percentage of microfungi in the air and surfaces of Khorramabad hospitals with emphasis on their locationbased distribution patterns.
Materials and Methods

Sampling Sites
General characteristics of Khorramabad hospitals selected for the current study (A, B, C, D, and E) are summarized in Table 1 . Sampling was carried out during autumn 2009. Khorramabad, the capital of Lorestan, a western province of Iran, is situated at an altitude of 1170 meters above sea level and within the latitude and longitude of 33 ° 29 'N, 48 ° 22 'E. The city is located at the folded zone of Zagros which the deposits are mainly a period of limestone and dolomite and has many rivers and springs. The climate is mountainous temperate and semi-arid with average annual rainfall of about 500 mm and a mean relative humidity of 60%. 
Air and Surface Sampling
Sampling of air was done from indoor and outdoor environments of wards, surroundings and green space of hospitals by settle plate method according to Hoekstra et al. (18) . Open lid Plastic plates (90 mm Dia.) containing Malt Extract Agar (MEA; E. Merck, Darmstadt, Germany) and Potato Dextrose Agar (PDA; E. Merck, Darmstadt, Germany) were placed in different sections of rooms in the mentioned hospital wards, at a height of about one meter above the floor where there was low or no air turbulence for an hour and exposed to room airflow. The sampling of outdoor air was performed by placing the open plates in various areas of hospital green space in a similar condition for indoor plates. To obtain samples from surfaces, pre-moistened swabs with cottontipped sticks were applied on different surfaces (floor, the walls, windows, beds, trolleys, laryngoscope, and angiography devices), were collected with an approximate size of 25 cm2, and immediately inoculated on to plates containing MEA and PDA media (19).
Isolation and Identification of Fungi
Culture plates of air and surfaces on PDA and MEA were incubated in the dark at 28 ºC and were examined daily for fungal colonies for two to three weeks. After adequate sub-culturing on PDA, each single fungal colony was finally purified by tip culture method. Fungal isolates were identified by a combination of their macroscopic and microscopic criteria as described in the mycology text books (18, 20, 21) . Only Aspergillus isolates were identified to the species level.
Results
In the present study, air and surface fungal contamination of five hospitals in Khorramabad city, the capital of Lorestan province, Southwest Iran, was evaluated by settle plate method in one step during autumn 2009. General features of the hospitals under study are summarized in Table 1 . All the hospitals were equipped with usual fans as air conditioning systems. They had two floors and used deconex as general disinfectant. A total of 165 plates of indoor and outdoor air as well as hospital room surfaces were studied.Overall, 761 microbial colonies including 712 fungal colonies and 49 bacterial colonies were isolated. Approximately, 81% of settle plates were positive for fungal growth. Table 2 shows total distribution of fungi recovered from settle plates in the five hospitals under study. Aside from five colonies of sterile mycelia, A total of 707 fungal colonies were isolated from 20 different genera belonging to both moulds (18 genera) and yeasts (two genera) ( Table 2 ). Overall, Penicillium (29.14%) was the most prominent fungal genus isolated followed by Cladosporium (24.04%), Aspergillus (20.65%), Fusarium (9.05%) and Alternaria (3.96%). These genera except for the Fusarium were isolated from all the hospitals under study.
The yeast genera i.e. Rhodotorula sp. and Cryptococcus neoformans comprised 8th and 10th frequent fungi with frequencies of 1.69 and 0.7%, respectively. C. neoformans represented 27.77 (28%) of the yeast colonies. Out of five C. neoformans colonies, four colonies were obtained from hospital A (indoor air in orthopedic surgery room: three colonies, outdoor air: one colony) and one colony in hospital C (NICU). The percentage of fungal colonies was reported in a descending order in the hospitals C (27.44%), E (25.46%), A (18.10%), D (17.25%) and B (11.74%) ( Table 2 ) . As an interesting result, a dimorphic fungus Sporothrix schenckii was reported one sample in hospital D.
Fungal contamination rate was higher in surfaces than indoors and outdoors. All the 20 fungal genera except Acremonium, Epicoccum and Paecilomyces, were reported from hospital surfaces, while 11 and 10 fungal genera were isolated from indoor and outdoor airs, respectively. Four genera i.e. Cladosporium, Penicillium, Fusarium and Aspergillus comprised the most prominent fungal groups isolated with a predominance of three latter genera for indoors, outdoors and surfaces, respectively. The current study findings demonstrated that the highest rate of Aspergillus colonies existed in the surgery section of hospital D.
Comparing the results of this study showed, in terms of fungal growth, the hospital surfaces of C, E (100%), A, D (91.66%) and B (50%) were contaminated with the genus Aspergillus. The highest rate of indoor contamination belonged to hospitals C > E > B > D > A, respectively. Identification of the genus Aspergillus as one of the most important agents of nosocomial fungal infections at species level showed the presence of five species as indoor and outdoor contaminants (Figure) . The highest rate of A. niger colonies was in hospital E, the surfaces, particularly in the operating room. Only A. niger and A. flavus were isolated from all hospitals under study. These species were reported from both air (indoors and outdoors) and surfaces, while the other species were isolated only from surfaces and in one case from indoors for A. ochraceus. Table 3 shows indoor and surfaces fungal contamination of high-risk sections of hospitals under study. In all sections except for neonatal and thalassemia, surfaces were reported to be more contaminated than indoors. Overall, all the sections were contaminated with fungal isolates at least for the genera Aspergillus, Cladosporium and Penicillium. Aspergillus was the most prominent genus in ICU and surgery, Cladosporium in CCU, emergency (men) and thalassemia, and Penicillium in orthopedic, emergency (women) and neonatal sections. Human pathogens, C. neoformans, was isolated from ICU, surgery and orthopedic sections, Alternaria from ICU, surgery, emergency, neonatal and thalassemia, Pseudallescheria boydii and Mucor from neonatal, S. schenckii from CCU and Fusarium from surgery and emergency wards.
Discussion
This study assessed the presence of filamentous fungi and yeasts in air (indoor and outdoor) and surfaces of five hospitals in Khorramabad, Iran. The environments of all hospitals were contaminated with different fungi from 20 genera which the majority of them belonged to the hyaline Hyphomycetes. Several studies confirmed the diversity in the type and recovery rates of fungi from indoor and outdoor environments of hospitals. In the present study, the fungal genera Penicillium, Cladosporium, Aspergillus and Fusarium had the highest frequency among the total fungi.
A main reason is that Aspergillus, Penicillium and Cladosporium produce numerous small and light spores that generally remain in the air, whereas Alternaria, Ulocladium and some other fungal genera produce fewer, larger and heavier spores which tend to have faster settling (10). Hedayati et al. reported Cladosporium, Aspergillus, Alternaria and Penicillium as the dominant fungi in the air and on the supplies of operating rooms of 17 hospitals in Mazandaran, Iran (16) . In the review of airborne fungi in two hospitals in Shiraz, Iran, Pakshir et al. reported the genera Cladosporium, Penicillium and Aspergillus as the most common contaminants of indoor air (17) . Among five Aspergillus species reported in the current study, A. niger and A. flavus were isolated from all the hospitals with a frequency higher than those of other species. This is in accordance with the reports of other researchers on predominance of these species in hospital environments (17, 22) . Fusarium sp. 22  32  27  44  60  28  20  19  22  4  64  26  28  15  64  15 In a study by Okten and Akan in the pediatric unit of a hospital in Turkey, 65 species belonging to 16 fungal genera were identified, and among them Cladosporium (33.6%) was prominent genus followed by Alternaria (22.5%) and Penicillium (20.3%) (23) . Aside from high adaptability to different environmental conditions especially low water activity and pH as well as producing a vast number of small air borne conidia, it has been shown that their ability to live on a wide array of substrates even different fabrics and plastics (cotton, polyester, polyethylene, polyurethane) that are routinely used in hospitals, may account in part for massive distribution and long term survival of Aspergillus and Penicillium species in the hospital environments (24) (25) (26) .
Contamination rate
The current study did not isolate any A. fumigatus from the hospitals under study. Panagopoulou et al. reported A. fumigatus as the third prevalent Aspergillus species after A. niger and A. flavus from the air of the hospitals in Greece (9). Pakshir et al. did not achieve to isolate any A. fumigatus isolate from the indoor environments of Shiraz hospitals in Iran (17) . According to the current study and the majority of other studies performed in Iran, it can be concluded that A. fumigatus may be substituted by A. flavus as the predominant fungal pathogen of the genus Aspergillus in hospital environments (15) (16) (17) . Considering the presence of Penicillium isolates as the most dominant isolated fungi, the awareness of infections, and allergies caused by this fungus it should be mentioned that they can be easily mistaken in some cases due to major similarities with Aspergillus infections (27) .
In the present study, in addition to Aspergillus sp. and Zygomycetes (Rhizopus and Mucor) isolated, members of the genera Fusarium, Rhodotorula, Alternaria, Acremonium and P. boydii have received special attention as emerging nosocomial fungal pathogens (28) . In a recent study evaluating indoor fungal flora of a French tertiary care hospital, 94-100% of the samples of tap water were contaminated with Fusarium species including F. oxysporum and F. dimerum (29) . This shows that indoor opportunistic fungal pathogens such as F. oxysporum may particularly adapt to aquatic environment. In the present study, C. neoformans and Rhodotorula sp. were isolated as dominant yeast species, while Candida albicans or other Candida species were not encountered. The main reason is that Candida is predominantly of endogenous origin and does not have a major external source other than the hands of health-care workers or relatives or contaminated devices (13) .
C. neoformans was isolated from hospitals A and C as the oldest among five hospitals under study. It is probably due to the presence of the fungus in pigeon's excreta nesting under the garret ceiling of these old hospitals where it can survive for two years or more in suitable conditions (30) . C. neoformans is one of the most important agents of fatal meningitis in immunocompromized patients in the hospital. After inhalation of infective propagules and colonization in lungs, the disease progresses rapidly and finally leads to death in the majority of cases.
Although S. schenckii is not considered as an agent of life-threatening nosocomial infections, its unusual isolation from CCU in the present study indicates that any fungus which resides in soil can be entered to hospital environment possibly via the flower jars and vases dedicated by patients' relatives and visitors. Another important aspect of the presence of Aspergillus and Penicillium species in the hospital environments is their potential threats for public health via producing carcinogenic mycotoxins. Even though mycotoxins are not released in the atmosphere, they are carried out by conidia and hyphal fragments and can be detected in air samples at high spore concentrations (1) .
Since conidia and most fragments are smaller than 5 µm, they can penetrate deeply in the respiratory system, where they are destroyed in healthy individuals by cells of immune system. But cell residuals remain on the surface of epithelia and possibly enter the blood stream. The amount of mycotoxins entering the body this way is quite low, comparing to acute intoxication caused by eating contaminated food. However, long term exposure to indoor mycotoxins for the people who spend majority of their life in closed environments can cause chronic or sub-chronic intoxications (11) .
The present study demonstrated the presence of filamentous fungi and yeasts in air (indoor and outdoor) and surfaces of five hospitals in Khorramabad city, as potential health threats for immunocompromised patients. Besides Aspergillus, Penicillium and some other cosmopolitan moulds as allergens, mycotoxin producers and pathogens, isolation of unusual fungi in the hospital environments i.e. C. neoformans and S. schenckii in the current study indicated the exposure to new threats and therefore, the necessity to consider new approaches to monitor and control the exposure to the air borne fungal conidia. Using the HEPA filters for high-risk rooms, a modification on arrangement and distance from green spaces to wards and control of food and flower taken by the patients' visitors and relatives to the hospital are suggested measures which can reduce the chance of fungal spore inhalation in hospital environments.
